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INTRODUCTION
The communication process among individuals happens more efficiently when the individual who speaks is able to express himself adequately, and the one who hears is able to understand what is being said.
In the hearing and decoding process of what is being said, an interrelation between the integrity of the peripheral auditory system ("the hearing") and the central auditory system ("the decoding") is observed. The abilities to process the hearing information, the auditory processing abilities, have been observed to be very important for effective communication.
Auditory processing studies explore the abilities involved in the interpretation of the sound stimulus and the involvement of several mechanisms of the auditory system that are responsible for processing verbal and nonverbal stimuli. 1 In 1992, Stecker reported that audiologists have developed unique methods for the evaluation of auditory processing disorders, such that the auditory system functioning may be evaluated in an adequately controlled environment with careful use of the desired stimulus. 2 Nowadays, there is a great variety of tests for the evaluation of the auditory processing. However, it is difficult to determine which test should be applied in order to obtain a conclusive diagnosis. In the evaluation of the auditory processing, both monotic and dichotic tests are used. 3 In the international literature, the most frequently used monotic test is the time-compressed speech test. This test is part of a set of tests called low redundancy monaural speech tests that evaluate the closure ability. Auditory clo-sure is the ability to recognize the whole (words or messages) when there are omitted parts. 4 The first studies are from 1957, when Callearo and Lazaroni studied speech intelligibility as affected by speech rate. Their research showed that redundancy of superior structures and of speech message information allows an almost total neutralization of the negative effect of increases in speech rate when such increases remain within modest limits. For greater rate increases, they found the need for an intensity increase in order to attain good discrimination. 5 Compression methods for the performance of compressed speech tests began to appear in the 1970s. The first one was developed by Beasley et al in 1972, using Northwestern University Auditory Test number 6 word lists (NU-6), which were compressed by the electro-mechanic time compression method. 3, 6, 7 The original stimulus was submitted to a number of compressions proportional to an area from 0% to 70%, at 10% intervals. It is worth noting that there are other methods for the modification of the speech rate: the rate can be increased or decreased by an alteration in the speaker's speech pattern (articulation pattern) or by recording alteration (analogical or digital). Also, a method used for speech rate increase is to remove portions of the sound wave through an electro-mechanic device, and then gather the resulting segments, presenting them at a normal speed; this accelerates the speech sample.
Since then, the compressed speech material has been used clinically in the evaluation of the speech recognition either in patients with auditory processing disorders or in patients with neurological deficits. 8 In 2000, Baran and Musiek reported that the compressed speech test had been extensively used in the evaluation of individuals with central auditory nervous system (CANS) pathologies. The compressed speech test stimuli are generally degraded by digital or electro-acoustic modifications of the signal's frequency parameters, time, or intensity characteristics. 9 Results of research with compressed speech show that the intelligibility is lower when the degree of compression of the stimulus increases. In lower compression bands, 45% or 50%, the intelligibility is greater and therefore, these are associated with a greater number of correct responses. As the degree of compression increases, the degree of intelligibility decreases proportionally. 7, 10, 11 The compression degrees is the most influencing variable on intelligibility. In English, normal speech may retain a satisfactory intelligibility degree even when it is compressed to a point where it is reproduced with 60% of the normal presentation time. It was concluded that in English, the performance fall was gradual with the increase of the compression from 0% to 60%, and that the number of repeated words by segment was, on average, statistically the same for all speeds. At the 60% compression level, intelligibility of words is satisfactory, and the average of correct responses is stable; however, with an increase of compression to 70%, there is a sudden fall in the average number of correct responses of individuals, showing that stimuli having a 70% compression are difficult to identify, even for normal individuals. 7, [12] [13] [14] The average for correct responses for each ear considered in the evaluation of Americans is around 82%. Lower scores are considered atypical for adults. 7 Some research has been carried out in other languages to determine what individual responses would be like in different languages. Research with bilingual individuals showed different when Spanish was compared with Catalan, in contrast to what was found when French was compared with English (languages with different representation). In the study comparing Spanish and Catalan, results showed that the compressed speech in Catalan or in Spanish may be used for training, and that it improves performance in both languages; however, the comparative study between French and English showed that bilingual individuals did not benefit from hearing the test in English when they were tested in French and vice-versa; the difference between the two languages does not cause the presentation of one test to influence the performance in the other. 15 Research with several compression levels has shown that individuals may learn to better understand stimuli with modified speech speed if they are trained to hear this way. Auditory closure ability can be developed and improved through auditory training, and presentation of compressed speech with lower compression degrees before the higher ones may improve the understanding of modified stimuli, and consequently the average number of correct responses obtained. [15] [16] [17] [18] It is also possible to observe an improvement in the performance of the second ear tested in relation to the first one, which could be explained by the learning of the task through the previous experience of the first ear tested. In the easier condition, individuals use more acoustic clues than in the harder condition; in the harder condition, auditory processing prevails in the auditory closure ability. Decreasing the redundancy makes the compressed speech tests become appropriate for the evaluation of auditory closure. 19, 20 For speech test design, several criteria should be taken into account. In 2002, Mackersie reported that the sensitivity and specificity of the test may be affected by a series of factors, and some of them are under the control of the audiologist. One of them is the digital recording of the speech material. Another factor that can improve the reli-ability of the test is increasing the number of items (words). However, this can cause an increase in evaluation time, and therefore researchers have chosen to use monosyllables. 21 Other influencing factors are the linguistic characteristics of the stimuli and the acoustic clues present in the compressed stimulus 22, 23 as well as the patient's motivation to respond to the test, because the tests should not be too easy or too difficult to the point ceasing to challenge the brain. 24 The purpose of this study was to elaborate a compressed speech test in Brazilian Portuguese and to apply it to normal-hearing adults. Additionally, an aim of this study was to determine among all lists of words obtained in the 3 compression levels studied (50%, 60%, and 70%), which would be the most appropriate ones to be included in the set of tests used to evaluate the auditory processing in clinical practice.
The study was performed with adults because they are at an ideal age regarding the maturation of the central auditory nervous system. McPherson (1996) stated that from birth to maturity there are several effects that influence the maturation of auditory pathways that could be observed through the evoked auditory potentials. 25 A rationale for this study was the lack of a test with Brazilian Portuguese verbal stimuli to evaluate auditory closure ability using the stimulus duration as the degraded parameter. The current battery of tests available in Brazilian Portuguese comprises 2 tests that evaluate this same ability, but one functions through a modification in the stimulus intensity parameters-the speech in noise test-and the other through a modification in the stimulus frequency-the filtered speech test.
Therefore, it is expected that this test could be initially normalized for our population (adults, in this case), and for children of several age groups in the future; it is also expected that it may complement the current battery of evaluation tests of auditory processing of patients who present some kind of disorder in this ability.
PURPOSE
The purposes of this research were: 1) To elaborate a compressed speech test at 50%, 60%, and 70% compression in Brazilian Portuguese and to apply it to normal-hearing adults. 2) To verify which monosyllabic or disyllabic word list with stimuli time-compressed by 50%, 60%, and 70% is the most appropriate for evaluating the auditory processing.
METHODS

This study was submitted to and approved by the Research Analysis Ethical Commission of the Hospital das
Clínicas of the University of São Paulo Medical School.
A sample dimensioning study was performed in the Applied Statistical Center, CEA, of the University of São Paulo Institute of Mathematics and Statistics. This study showed that the sample should include of 144 individuals.
Accordingly, 144 individuals were evaluated, divided into 2 groups: 72 women and 72 men, ranging in age from 16 to 33 years. Individuals less than 16 years of age were not included, because they were considered immature from the neurological point of view, and also individuals older than 33 years old were not included because from the neurological point of view, at this point the aging process has already started. The maximum age initially established was 30 years, but due to the difficulty in completing the male sample, the age group was extended 3 years for both groups.
All individuals participated voluntarily, and they had all finished at least secondary school. All signed the Informed Consent Term before the beginning of data collection.
The criteria for the individual selection were as follows: a) age from 16 through 33 years; b) no clinical history of otological or auditory processing, c) basic audiological evaluation (audiometry, speech audiometry, and immittance measures) within normal parameters 26 ; d) auditory processing screening within normality. 27 In the process of patient selection, no IQ tests were performed, nor was the socioeconomic level considered, since according to Almeida et al, there is no significant difference between individuals of different socioeconomic levels; the differences occur as a result of the different stimulation levels received by the individuals during their childhood. In the case of adults, who have already been through this phase, the socioeconomic level no longer influences the performance of auditory processing tests. 28 The following evaluations were performed: immittance measures, tonal audiometry, speech reception threshold (SRT), and word recognition score (WRS), using the parameters established by Mangabeira Albernaz et al in 1981 29 to assure the integrity of the peripheral system.
From the data obtained with this set of tests, individuals presenting normal results were selected for the administration of the compressed speech test, which was performed in an acoustic cabin.
The compressed speech test that we developed comprised 50 words that were compressed by the electro-mechanical time compression method. The original stimulus, 6 lists with 50 monosyllables and 6 lists with 50 disyllables each (Annex 1), was digitally recorded on a compact disc (CD) in the radio and TV studio of the University of São Paulo Arts and Communication School, at a normal rate; then, the lists underwent compressions varying from 50% to 70% at intervals of 10%; thus, 2 monosyllabic and 2 disyllabic lists underwent 50% compression, 2 underwent 60% compression, and 2 underwent 70% compression. Each list lasted approximately 5 minutes, and the total evaluation lasted approximately 1½ hours. Based on the findings of Musiek et al in 1993, the stimulus was presented monaurally at 40 dB above the speech threshold (SRT) 7 through a CD player connected to a 2-channel audiometer (GSI -61), and the participant was asked to repeat what he heard. Participants were also always encouraged to respond, even when they were not sure of the answer. Because all participants were adults, they were told in the beginning of the evaluation that they could interrupt the test when feeling tired or when they felt they were losing attention. First, words were presented through an earphone (TDH -41) in each ear for each compression level and type of stimulus (monosyllable or disyllable), and the percentage of correct responses for each ear was recorded according to a specific protocol, as was the repeated word, even when it was not correct. According to the American standardization, normal results are declared when scores are above 82% for each ear. 7 The performance of the right ear was compared to the performance of the left ear at the different compression levels (50%, 60%, and 70%) and for the 2 types of word lists (monosyllable and disyllable).
The ANOVA parametric test was used for the statistical analysis.
The confidence interval established for the data analysis was 95%, with the significance level (P) at 0.05 (5%). Results were described according to the average of correct responses, median, standard deviation, and P < .05.
In order to avoid possible bias and to determine if there was a difference in beginning the test in each situation, it was decided that each participant would begin the test with a certain ear, a certain stimulus type (monosyllable or disyllable), and by a certain presentation order (increasing or decreasing).
RESULTS
Two CDs for the compressed speech tests were produced, one with monosyllabic words and another with disyllabic words. Each CD had 7 tracks, the first with a calibration tone, and the other ones with the lists of words having undergone compressions of 50%, 60%, and 70%. Examples of the spectrograms of the monosyllabic word "chão" at the different compressions are seen in Figure 1 .
One hundred and forty four individuals were evaluated, 72 men and 72 women. The mean age of these individuals was 24 years (women 22.4 years; men 25.7 years).
The first comparison made was among the averages of correct responses between the ears, right (RE) and left (LE), at the 3 compression levels studied, 50%, 60%, and 70%, for each type of test: compressed speech test with monosyllables (TFC-Mono) and compressed speech test with disyllables (TFC-Bis). No significant difference between the averages of correct responses of the right and left ears at any compression level for either the monosyllable or disyllable list was found (Table 1) .
Therefore, and because the ear effect was not significant, these data were combined to double the sample size, and consequently to produce results of higher power.
The number of correct responses among the compression levels for the disyllable list was significantly different (P < .001) from that that for the monosyllable list (Table 2). In all comparisons, the condition with greater compression produced a lower average of correct responses than the condition with lower compression.
The list with lowest average of correct responses (therefore the most difficult one) was the disyllable list that underwent a 70% compression, and the list with highest av- erage of correct responses was the disyllable list that underwent a 50% compression.
At the end of all evaluations, no lack of patient attention was observed, so patient attention appeared not to be a contributing factor to a reduced number of correct responses.
DISCUSSION
Our findings that there was no significant difference between the ears in either test, agree with those of Baran and Musiek. 9 This result was expected, because it is known that although the left hemisphere is preferential for language, the reception of a monotic stimulation, such as the compressed speech test, causes the activation of the ipsiand contralateral pathways of the auditory nervous system; this neutralizes the preference of the right ear relative to the left one and provides a similar performance between both ears. Monotic tests are useful for detecting auditory pathway disorders, but not to locate them, because of the participation of the ipsi-and the contralateral pathways, resulting in a similar performance of the right and the left ears in those tests. 9 Another studied aspect was the patients' performance according the word lists and the compression conditions applied.
Regarding the monosyllable and disyllable word lists, the disyllable list with 50% and 60% time-compression showed a better average (although not tested statistically) of correct responses than the monosyllable lists under the 
compression). Time-compressed speech test in Brazilian Portuguese
Rabelo CM et al same compression conditions. Therefore, disyllables appeared to be easier to interpret. However, under the 70% time-compression condition, the inverse occurred, ie, the monosyllables appeared to be easier than the disyllables to interpret. We had predicted that the test with monosyllables would be more difficult than the test with disyllables. That is because we thought that compression would cause the monosyllables, which are short words, to be less intelligible. However, the universe of Brazilian Portuguese monosyllabic words is more restricted than that of the disyllabic ones, which apparently allowed this test to be easier than the disyllable test at the 70% time-compression level, since after the distortion caused by the compression disyllabic words produced other words, making intelligibility difficult.
This finding could also be due to the fact that monosyllables present fewer consonantal clusters, and therefore, the chance of the average of correct responses is more elevated. After the compression, the consonantal clusters of the disyllables practically disappeared. This originated several possibilities for other words, which may have increased the number of mistakes in the disyllable lists.
The decrease in intelligibility, or in the ability for auditory closure, that occurs the compressed speech tests is due to the loss of phonologic information that makes different words, in addition to compromising their intelligibility. 15, 22 A preference for the use of monosyllables was found in the reviewed literature 8, 21 Monosyllable tests were preferred especially in clinical practice, because they are simple to administer, requiring little time, and because they are based on extensive normative data, especially in English. Furthermore, they are less redundant, which somehow minimizes the lexical and semantic influence. This influence is a factor that should be taken into account mainly in the speech tests, because despite the phonemic discrimination being determinant in this type of test, the cognitive and linguistic aspects cannot be disregarded, nor should the acoustic characteristics of words and their access to the mental lexical in the performance of individuals in the test. 21 The design of a test with words requires some consideration, such as including words that are part of the vocabulary of the majority of the population, a broad distribution of phonemes, and easily understood words with equal intelligibility. Another concern is with the material recording, so that the sound quality is adequate and not another factor to prejudice the intelligibility. It is conceded, then, that even though the intent is for great control over the factors that interfere in the message, the lists are hardly perfect and not quite ideal. 21 For the design of the time-compressed speech test and based on the literature on tests with words, we used balanced lists with words that are broadly used in audiological tests in order to present good quality after compression.
Our analysis was chosen in order to determine which list would be more appropriate for further use in the evaluation of auditory processing in clinical practice. Accordingly, based on our comparisons, it would be possible to find which of the 6 lists would be the better one to apply in evaluation of patients with suspicion of auditory processing disorders, without being too easy or too difficult. Thus, the aim was to obtain a list with good sensitivity and specificity to be used in evaluations.
In both compressed speech tests, those with monosyllables and with disyllables, the intelligibility was higher in the less compressed lists and lower in the more compressed ones.
Some degrees of compression are really more intelligible than others, since less compression, (such as 50%), does not notably compromise intelligibility. Under these conditions, the messages (words) still have supplementary information that increases the intelligibility and facilitates the recognition of words. 16 The average number of correct responses was lowest for the disyllable list with a 70% time-compression. Some factors collaborated for the lower intelligibility in the 70% timecompression, and among them was the fact that the individual has to form, test, and reject several hypotheses in the search for the correct word, which is in agreement with the findings of Friedman and Johnson; 10 additionally, participants have to be more alert and vigilant during the evaluation, since the most compressed lists present increased distortion and decreased redundancy. Katz and Wilde (1985) , 12 also reported this finding in their study. It was also found in the comparison between the differences in the averages of correct responses of the monosyllable and disyllable lists in each compression degree, that the greater difference was between the lists of words with 70% compression. The list with highest average of correct responses was the disyllable list with 50% time-compression, which was thus the easiest list and the one with the highest degree of intelligibility.
Therefore, the results obtained in this study are similar to those found in the literature, 7, 13, 14, 17 that report decreased intelligibility with the increase of time-compression, a gradual fall of the averages of correct responses at compression levels until the 60% level, and lower averages of correct responses at 70% time-compression.
In auditory training programs, the average of correct responses should be between 30% and 70% to maintain the patient's motivation, ie, so that the test is not too easy nor too difficult to the point of not maintaining a challenge to the brain. 24 Based on the findings of the study, the most stable list was the one with 60% compression for both types of stimuli, because at this compression level, the average of correct responses was around 90%, and it resulted in the lowest standard deviation, denoting stability in the results.
These findings agree with those in the literature, 7, 13 where the average of correct response in the most stable compressions was reported to be around 82% in normal hearing adults.
Thus, we conclude that the 60% time compression, either with mono-or disyllable lists, is the most adequate condition to be used in the future in evaluations of auditory processing in adults, because it presented an average of correct responses above the average obtained at the 70% time-compression level, and it produced less variability than 50% time compression.
CONCLUSIONS
The results of data analysis showed that it was possible to design two CDs, one with the compressed speech test with monosyllabic words and another one with disyllabic words in Brazilian Portuguese, with compressions of 50%, 60%, and 70%. In the comparison between the monosyllable and disyllable lists, and between the compression conditions, it can be concluded that the most stable list was the 60% compression one for both types of stimuli, because at this time-compression level, the average of correct response was around 90% and the variability was lowest. There was no significant difference between the performance of the right ear or the left ear for the time-compressed speech test with monosyllables (TFC-M), or for the timecompressed speech test with disyllables (TFC-D).
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RESUMO
MÉTODOS:
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